Sudden unexpected death associated with epilepsy (SUDEP) is an important clinical problem. Peri-ictal autonomic dysfunction is thought to play a role in SUDEP and few means exist for clinical identification of patients at risk.
INTRODUCTION
Epilepsy patients have a higher death rate than the general population, and 5-30% of such deaths are sudden, unexpected, and presumably related to epilepsy in the absence of other discernible causes I. Sudden unexpected death associated with epilepsy (SUDEP) has frequently been ascribed to cardiac dysrhythmia 2, and epilepsy-related and autonomic dysfunction has been postulated 3. Clinical 4 and physiological 5 studies have suggested that seizures and interictal epileptiform discharges can have autonomic effects. Some studies have shown ECG changes in epileptics 6, although an increase in incidence of arrhythmia has not been demonstrated in seizure patients 7. Sleep-related cardiovascular changes 8 or exaggerated primitive cardiovascular reflexes 9 have been suggested as mechanisms for SUDEP, possibly under the influence of epilepsyrelated hypothalamic dysfunction I°.
* Presented in part at The 49th Annual Meeting, American Epilepsy Society, Baltimore, MD, December 6, 1995. Clinical identification of patients at risk for SUDEP has been difficult. No correlations with seizure type or frequency, electroencephalograph (EEG) pattern, or cardiovascular status have been found II. A profile of at-risk patients has been suggested, however; such patients are often male, frequently lapse from medication compliance, tend to have generalized seizures of structural and especially traumatic aetiology, and are likely to abuse drugs or alcohol 12.
Simple electrophysiologic measures of sympathetic 13 and parasympathetic 14 nervous-system function are available. Although they have been studied in peripheral-nervous-system disease and primary autonomic disorders, they also have been measured in a few central-nervous-system conditions 15-2°. We recorded sympathetic skin responses (SSR) and the R-R interval (RRI) in epilepsy outpatients and normal controls. studied during outpatient follow-up visits, outpatient EEG appointments, or inpatient epilepsy monitoring. They ranged in age from 15 to 61 years and had no history of cardiovascular disease, cardiac dysrhythmia, or autonomic dysfunction. All had abnormal EEGs with generalized spike-wave discharges, focal spike-or sharp-wave activity, or localized polymorphic slowing. Half of the patients had identifiable perinatal, infectious, or traumatic cause but none had intracranial structural lesions or progressive neurologic disorders. Forty patients had been or remained on antiepileptic drugs, and none were taking cardiovascular or centrally acting nonanticonvulsant medications. Five patients were seizure free, but none of the 45 patients who continued to have seizures had any within 24 hours of autonomic studies. Twenty patients met criteria previously suggested to predict SUDEP risk 12. They were males with poor seizure control, history of medication noncompliance and low or absent antiepileptic drug levels, seizures due to head trauma, and concomitant substance abuse.
MATERIALS AND METHODS

Fifty
A Nihon Kohden Neuropack EMG/EP System (Nihon Kohden America, Irvine, CA) was used to record SSR and the RRI. Patients were reclined in a chair in a darkened room, EMG electrodes were placed on the dorsum of the hand to record SSR and the forearm to record the RRI. Recording SSR utilized a time base of 1 second per division, sensitivity of 500 UV per division, and filter bandpass of 0.1-1000 Hz. Auditory and tactile stimulation were provided by the technologist unexpectedly clapping and touching the patient firmly on the shoulder. Coughing and deep inspiration on command of the technologist were also utilized to elicit SSR.
All recordings were made in the same room and on the same instrument, with the same climate control system in operation. Although patient activity or lack thereof or recent intake of food and beverage were not controlled, the recordings were made during the same period, the laboratory's work day of 0800-1600 hours, in patients who were nocturnal sleepers and not sleep deprived.
The SSR method producing the highest amplitude response was replicated twice, with measurement of latency and amplitude. Twenty-five consecutive heartbeats were recorded with the same time and sensitivity settings and filter bandpass of 5-200 Hz. The RRI was measured with a cursor and the mean successive difference (MSD) was calculated by visual inspection of successive heartbeats. Patients were compared with a control group aged 20-40 years, free of medical or neurologic disease, equally divided between males and females, and taking no medications. Although diet and activity were again not controlled, SSR and RRI were recorded in the same room under the same conditions and at the same time of day as in epilepsy patients. The SSR amplitude and latency and RRI and MSD of heartbeats were compared using Student's t-test. We did not feel that the consecutive comparison of four measures necessitated the application of Bonferroni or other corrections for multiple comparisons. Representative SSR and RRI recordings in patients and controls are shown in Figs 1-3 . The RRI and SSR measurements are summarized in Table 1 . The latency of SSR was significantly greater in patients (3.34 + 1.8 seconds) than among controls (1. Most studies of SUDEP have found no pathological alterations 2,3, and ECG abnormalities are not common in asymptomatic epileptics 6'7. Cardiac enlargement and pulmonary congestion have been reported in some SUDEP patients, chiefly males with posttraumatic seizures, medication noncompliance, and concomitant alcohol and drug use 13, and we found 6 changes over time in QRS complex duration and QT interval in patients with complex partial seizures suggesting possible changes in autonomic function. Hypothalamically mediated autonomic dysfunction has been suggested as a mechanism for SUDEP 5, possibly triggered by seizures or interictal discharges in contiguous temporal or limbic structures I° and perhaps enhanced by sleep 8. Changes in ECG are not uncommon during polysomnography in asymptomatic individuals 8, but polysomnography is not feasible as a screening tool in epilepsy patients. Our finding of SSR and RRI changes in some seizure patients, particularly with some clinical features possibly associated with SUDEP, suggest that simple electrophysiologic measures of autonomic function may be of value in addressing the problem of SUDEP.
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Studies of SSR have been carried out for more than a century but reproducible clinical techniques have only recently been reported 14, 15. Various peripheral neuropathies and autonomic disorders have been stud-ied for SSR 16,17, but abnormalities of presumably central origin have been found in Parkinson's disease, multiple sclerosis, cerebellar degeneration, motor neurone disease, and spinal-cord injury 18' 19. It is known that SSR has excitatory suprasegmental inputs from cerebral cortex and inhibitory inputs from the striatum, and to reflect activity of posterior hypothalamus and brain-stem reticular formation14; as such centres are affected by seizures and interictal paroxysms and may play a role in epilepsy-related autonomic symptoms, it seems reasonable that SSR could reflect the conditioning effects of central influences on autonomic function.
The RRI is in part under parasympathetic control, and decreased or absent heart-rate variability is thought to reflect parasympathetic deficiency 2°,9-1. There is a considerable literature and developing standards of RRI measurement in cardiovascular disease 24, but its application to epilepsy or other cerebral disorders is relatively new. Although Isajarvi et a125 found similar systolic intervals in epileptics and controls, Devinsky and colleagues 26 reported greater variability in autonomic function in seizure patients than in controls, particularly in response to postural change. These differences did not reach statistical significance and thus suggested significant limitations of clinical utility in evaluating seizure patients for possible autonomic dysfunction. Massetani et a127 applied spectral analysis to RRI variability and found that, although EEG-ECG monitoring did not detect cardiac dysrhythmias. Spectral analysis could detect disordered autonomic cardiac control even in patients with normal ECG.
The analysis of cardiac variability has recently been supplemented by computer-assisted measurements in the time and frequency domains 28. This has also been applied to the EEG in syncope and other autonomic disorders 29, and such techniques have been studied in a preliminary fashion in epilepsy 3°. Such sophisticated analysis will in all likelihood be more sensitive and specific, but relatively simple methods such as SSR and RRI may be cost-effective screening procedures or permit serial evaluation of the risk of autonomic dysfunction during long-term treatment of epilepsy.
It is not clear whether increased SSR amplitude indicates possibly pathologically enhanced sympathetic responsiveness, and some feel that SSR is an all-or-none phenomenon and that latency is not relevant14, 15. The RRI is affected by a variety of physiological and psychological factors, and possibly by anticonvulsant medications, and several of these were not controlled in the present study. It will be important in future SSR and RRI studies to differentiate between partial and generalized epilepsy, frequent seizures and occasional interictal discharges, and the effects of anticonvulsant administration and withdrawal.
